
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



® Pub!i:aticn number' 0 331 447 

A2 



EUROPEAN PATENT APPLICATION 



(711 App icat:2T numcor: 89302005.7 @ Int. CI. ^ B 29 C 43/18 

B 29 C 67/18 

122.; Uate, ct tiling. 28.02.89 





Priority: 01.03.83 JP 49342/08 


@ 


Inventor; Okubo, Shunji 


oi.o3.aa JP 4ya4i/ab 

07.10.88 JP 254534/88 




1 f-JL^, hujimidai 
Otsu-shI Shiga (JP) 


© 


Date of publication of application : 
06.09.89 Bulletin B9/36 




Nakae, Toshiharu 
550, Kltawakl Hina-cho 
Gamou-gun Shiga (JP) 


(5) 


Designated Contracting States: 




Akimura, Fuaayoshl 


BE DE FR GB IT NL 




A5-35, 10 Sonoyama 2-chome 
Otsu-shI Shiga (JP) 


@ 


Apyltcani: TORAY INDUSTRIES, INC. 




Tanaka, Kanjl 

194, Dcwa, Ritto-cho 

Kurita-gun Shiga (JP) 


2-1, Nlhonbashl Muromachl 2-chome Chuo-ku 






Tokyo (JP) 








@ 


Representative: Coleiro, Raymond et al 






MEWBURN ELLIS 2 Cursltor Street 
London EC4A1BQ (GB) 



@ Process for preparation of molded laminated article, 

g) A molded laminated article is made from (a) a composite 
cufiiprising a crosslinked polyolofin ros'n foam having an 
ai.eragc qcI crcpo-'i:lon Ci C lu 75-/c and an average expa"3icn 
ratio of 5 tc -iC, 'n which the average expansion ratio In a portion 
tiavirg a thickness of 0,5 mm cn ttis s de of one surface of t"e 
foam is larger than the average expansion ratio ;n a portion 
naving a tniCKness of 0.5 mrr. cn the side of ;he other surface 
Thereof and the difference between said average expansion 
ratios 13 fro-n 2 to 20, ana a sk n mate-'ial bonded to the surface 
h.iving the large' average expansion ratio, and (b) a thermoplas- 
tic resin as a skeleton material, as follows. The composite Is 
p.aced at a predetermined position Intermediate between a pair 
of upper and lower mold halves so that the skin material side of 
Ine compos te cnnfrcnts or is in contact with the molding 
surface of one of the mold halves and the me^t of the 
t'lerm rpl3';tic re'^in confronts or is in contact with the molding 
.^'jrta::c cf the otner of the m^ld haives; and the mold halves a^e 
cla-T^,pej to eflect comp^ess on molding. The molded laminated 
ar*icie t? useful as an interior art'cle for a vehicle. 
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include as described below). Accordingly, productivity may be enhanced. 

More specificaily, in accordance with the present invention, there is provided a process for the preparaticr. 
of a molded laminated article, v^hich comprises: placing (a) a composite comprising a crosshnked poiyolef n 
resin foam having an average gel proportion of 10 to 75^/'o and an average expansion ratio of 5 to 40, in which 
the average expansion ratio in a portion having a thickness of 0.5 mm on the side of one su:^ace of the foam is 
larcer than the average expansion ratio in a portion having a tnickness of 0.5 mm on tne side of the other 
surface thereof and the difference between said average expa^ision ratios is f^om 2 to 20, and a sk n materia 
Donded to tk.e SJ^face ^lav ng the large" average expans^cn ratio, and (0} a m.elt of a therrnop aj.tic -esm as a 
skeleton ma^G^ia^ in a precetermined position 'nterniediate between a pair of upper and ewe- mo c ha ves sc 
That the skin material side of the composite confronts or is in contact w:tn tne molding sunace of one c' :re 
mold ha'ves and the meit cf the thermoplastic resin confronts or is in con:act w tn the mold'-^g surface of ire 
otner of tne mc'd halves;: and clamping the mold halves to effect compression molding 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing an examiple of the melded laminated artcle p'-eparea 
according to t^ie process of the present inventicn, which is used as an interior material for a vehicle; 
Fig. 2 is a view illustrating an embodiment of the process of the present invention ; and 
Fig. 3 is a view Illustrating another embodimertt of tne process of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMET^TS 

As the material of the polyolefin resin foam used in the present invention, for oampic, preferably a 
oropylene/ethylene random, block or random-block copolymer having an ethylene content 3,5 tc SS^^/o is 
used. Furlhermore, there can be mentioned a polyethylene resin naving a density of 0.897 to 0.955 g/m! and a 
rvie't iride'< of 1 tc 50 '"'/tO min o propy!cnc''bLitcnc random, block or random-b'ock copciymGr. a li'^eir 
ethy!ene/(i-olefin copc!ymt,-r, a copolymer of ethylene with vinyl acetate, acrylic acid or an acryrc ac d ester 
and a blend of two or more of these polyolefins. 

Other resins may be incorporated in the above- mentioned resin, so long as they dc not have an adverse 
effect on the foam. 

The average gel proportion of the crosslinked polyolefin resin foam used In the present invention is 10 to 
750/0, preferably 35 to 75c/o, more preferably 40 to 6GO/0. If the average gel proportion is lower than IOO/0, cells 
are destroyed by heat and pressure applied at the molding step, and the surface on the skin materia! side 
becomes uneven. On the other hand, if the average gel proportion exceeds 75^/o, molding becomes extremely 
difficult. 

The average gel proportion of the crosslinked polyolefin resin foam is a value determined by the following 
method The foam is cut into a cube having a side of about 1 mm. and about 0. 1 g of the cut foam ts precisely 
weighed. Tfie weight is designated as A (g). The sample is heated at a temperature of 130'X in tctraiin for 3 
hours and then cooled, tne sample is washod w th acetone and then wiin water, to remove tn3 eluied 
substance, and the sample is then dried. The dried sample is precisely weighed, and the weigh! is de signateu 
as D (g). The gel proport on (O/o) is calculated by the tcllowing formula: 
Average gel proportion ('^'*g) — (B/A) x 100 

The avRrage expansion ratio of the crosslinked polyolefin resin foam is 5 to 40. preferably 10 to 20. If the 
expansion ratio exceeds 40, the strength of the molded article is reduced and molding of an article having a 
compilcatod shape becomes difficult. If the expansion ratio is lower than 5, the cushioning property of the 
foam is reduced, and the characteristics der^ved, for example, for an intenor molded article for a vehicle, 
cannot be obtainec. 

The difference between the average expansion ratio of a portion having a thickness of 0.5 mm on the side of 
one surface of the foam and a portion having a thickness of 0.5 mm on the side of the other surface thereof is 
Trom 2. to 20. If this difference is smaller tnan 2. the surface of the skin mateiial of tiie cotiiposite be^Ofno^^ 
uneven. If the difference is larger than 20. deformation such as warping oc:Curs due to the difference of 
shrinkage by cooling after the molding, 

The expansion ratio referred to In the instant specification and appended claims means the reciprocal 
number (1/A) of the apparent density (A g/cm^). 

Preferab;y, at least one sui'ace of the crosslinked poiyoiefin resin foam is a cell-expcsed surface, and the 
thermoplastic resin as the skeleton materia! is integrally laminated on tne ceibe>pcsed surface. The 
cell-exposed surface is formed by slicing the once formed crosslinked polyolefin res n foam. Namely, the 
sliced exposed surface is the cell-exposed surface. 

Preferably, the average cell diameter of a surface layer portion having a thickness of 1 mm from the surface 
at least on the side, on which the skeleton material is laminated, of the crosslinked polyo etin resin foam is not 
larger than 200 ^.m, especially not larger than 150 ^im. If this average cell diameter exceeds 200 [tm, cells are 
readily destroyed and the skin material surface becomes uneven. 

Tne average cell diameter is determined by the following method. The surface layer portion of the foam is 
viewed at 20 to 30 magnifications by an electron microscope and the longitudinal section of the fcam having 
the large eel; diameter is photographed. The number N of cells present in a predetermine d length L Is counted, 
and tne average eel' d:ameter is calculated by the following formula: 
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As the means tor making the average expansion ratios in both of the surface portions cf the crosslinked 
polyoletin resm foam different from each other, a method is adopted In which, when the foamable sheet is 
foamed at a temperature higher than the decomposition temperature of the foaming agent oy a foammg 
machine, the heating temperature for one surface is made higher than the heating temperature for the other 
surface to adjust the decomposition of the foaming agent and the melt stress of the polyolefin res-n, or a 5 
method is adopted in which the crossllnking reaction degree Is made different between the tv^o surfaces. 
Furtne'-more, this difference can be realized by laminating polyolefin foams having a d:nerent average 
e>pans'cn ratio by using an adhesive or preferably, by fusion bending. 

As tne means for exposing cells on one of tnc two surfaces of tfie crosslinked pclyc:etin resm toar. a 
methcd can be adopted in which the skin surface of a sliced crcssi nked pclyoietin foam is bonded to a 
crosslinked polyolefin resin, and a method can be adopted in vyhich a sliced crosslinked polyclefi^: ^^sm fo^im 
aione is used. The former method is preferred oecause an cptiona softness is freely selected and :ne 
adaptability to various uses is good. 

As pc:nted out hereinbefore, preferably the average celi diameter in the surface pcrticn cf the crosslinken 
polyolef'n resin team at least on the side on which the skeleton material resin is laminated is not larger than ;'00 ^5 
iim. As the means for obtaining a foam having such an average cell diameter, the following me^noos can oe 
mentioned. 

(1) Tne higher the crosslinking reaction degree {expressed by the gel proportion) in tne resin 
composition, the smaller the celi diameter of the foam. For example, where crosslinking is effected by 
ionizing radiations such as a rays, p rays, y rays, X-rays and ultraviolet rays, if the irradiation energy 20 
distribution is changed in the thickness direction and the Irradiation energy in the surface laye^ portion is 
increased, the gel proportion can be increased In this portion, whereby the celi diameter in this portion 
can bo reduced. 

[2] Where the crosslinked fcamabie sheet is heated to effect foaming, if the foamable sheet is rapid7 
hpatpd_ mnny -^fnintures acting as the cell nucleus can be formed In a short time in the surface 'aye^ 
portion of the foam, and therefore, the cell diameter can bo reduced in the surface portion. 
These miethods (1) and (2) can be used alone or In combination. 

Thy crosslinked polyolefin resin foam Is generally used in the form of a sneet or plate, and the thicr^ness ;s 
generally in the range of from 0.5 to 20 mm, 

As the skin materia! to be bonded to the cross-linked polyolefin resin foam in the present invention, there 30 
can be used known skin materials such as a fabric composed of natural or man-made fibers, a sheet 
composed of a polyvinyl chloride resin, a thermoplastic elastomer sheet, a leather and a sheet composed of a 
mixture cf a polyvinyl chloride resin and an ABS resin. The thickness of the skin material is generally in the 
range of from 0 02 to 1 .5 mm. Usually skin material is bonded to the foam material using an adhesive, 

A polypropylene resin Is preferably used as the thermoplastic resin as the skeleton material in the present 35 
Invention, but the above-mentioned material of the polyolefin resin foam, an ABS resin and a polystyrene res^n 
and the lir.e can be used. 

As ttie preferred combination of the polyolefin resin foam and the thermoplastic rosin as the skeleto:", 
material, there :an be mentioned a combination of a propylene polymer resm foam and a polypropylene resin 
but a combination of an ethylene polymer resin foam and a polyethylene resin and a combination of 40 
heterogeneous resins such as a propylene polymer resin foam and an ethylene polymer resin can be used. 
Where heterogeneous resins are combined, however, these resins ar-e fusion-bonded through an adtiesive 
film such as an Adomer film (supplied by Mitsui Petrochemical) or Kuranbetter (supplied by Kurabo 
Industries) . 

As a typical instance of the thermoplastic resin as the skeleton material, there can be mentioned a polyolefin 45 
having an endothermic peak at (TmF - 60" C) to (TmF + 60" C), especially (TmF - 35 'C) to {TmF + 35^ C) in 
which TmF represents the endothermic peak temperature of the crosslinked polyolefin rosin foam as 
determined by a differentia! scanning calorimeter (DSC), and a melt index of at least 1 .0 g./10 min as measured 

at 19C°C 

The endothermic peak temperature determined by DSC (differential scanning calorimeter), referred to 50 
herein, means the temperature at v/hich a highest endothermic peak appears among endothermic peaks 
ODserved when 0.1 mg of a sample is measured at a temperature-elevating rate of 50' C/min and a 
temperature-dropping rate of 50^C,''min. 

If the abovo^menticncd endothermic peak temperature of the polyolefin resin for thd skeletcr. matenai is 
iower tnan (TmF - 6G''C) in which TiTiF sta^ids for tne endothermic peak ten^iperdtur e of trie crosslinkeri s-r 
polyclef n resin foam, the heat resistance temperature of the obtained molded la^ninated article is ;ow. If tne 
endothermic peak temperature exceeds (TmF 4 60" C), cells of the crosslinked polyolefin resin foam are 
easily dest^'oyed by the melting heat of the polyolefin resin fur the skeleton material at the molding step, 

If the melt index of the polyolefin resin as the skeleton material is smaller than 1.0 g/10 mm at 19D^C, the 
number of cells broken of the crosslinked polyolefin resin foam at the molding step is increased. 60 

The melt index referred to herein is a value (g/10 min) obtained by applying a load of 2.16 kg to ^ to 5 g of a 
sample under heating at ISO^'C and multiplying the weight of the sample discharged from a nozzle by 10 (see 
ASTM D-1238). 

Another typical example cf the skeleton resin is a blend of 100 parts by weight of a polyolefin resm having a 
melt index of 1 to 60 g/10 min at 190" C with 2 to 40 parts by weight of a low-molecular-weight polyolefin resin c5 
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ce 1 dia^Tieter in a portion naviny a depth of 1 mm from the surface on tne sma'l average expansion ratio side of 
the crosslinked polyolefin resin foam was 170 [^m. The average cell diameter in a po<^ion having a depth of ^ 
mrn from the surface on the large average expansion ratio side of the resin foam was 340 um. A plasticized 
polv^inyl chloride sheet having a thickness of 0.40 mm was bonded as the skin material to the iarge average 
expansion ratio side of the foam by using a two-liquid type polyester adhesive to obtain a composite. 

Polypropylene having an M! of 42 g/10 min at 190"C and an endothermic peak temperature Tm of 153°C as 
the thermoplastic resin as the skeleton material was made molten at a temperature of ISO^'C, and 56 g of the 
melt v;as extruded on the molding surface of a mold half by the T-die method. The above-mentionec composite 
was placed on the extruded polypropylene resin so tnat the small average expansion ratio side of the 
crcssHnked polyolefin res:n foam v/as m contact with the extruded polypropylene resin, and the assembly was 
integrally molded under a pressure of 50, 100 or 200 kg/cm^ by a 26-ton press, wnereby an interior molded 
art-cle 5 for a vehicle comprising the skeleton materia] 4 fus.'cn-bcnded to the composite 3 comprising the skin 
materidi 2 and the crossl.nked polyo.efin resin foam 4, as shown in Fig 1 was obtained 

Co mp arative Example 1 

in contrast with Exam.ple 1, the skin material was bonded to the small average expans'cr ratio s de cf 
crosslinked polyolefin resin foam, and in the same manner as described in Example 1, the poiypropy ene res n 
was fusion-bonded to the large average expansion ratio side and integral molding was carried out, wnereby an 
interior molded article for a vehicle was obtained. 

Compa rative Example 2 

A commercially available polyolefin resin foam where the difference of the average expansion ratio between 
the two surface layer portions was less than 2 and was not significant (the average apparent density was 0.05 
g/cm3. the average gel proportion was 32o/o, the endothermic peak temperature TmF was 133^C and the 
thickness was 3 mm) was used, and the same skin material as used m Example 1 was bonded to one surface nf 
the res:n foam, in the same manner as described in Example 1 , the polypropylene resin was fusion-bonded ana 
rnj'ding was carried out, wnereby an interior molded article for a vehicle was obtained 

The surface state of the skin materials of the molded obtained :n Example 1 and Comparative Examples 1 
and 2 were obsea'ed. The ootained results are shown m Table 1. 



Table 1 

Mo l ding P r ess ure (kg/cjri^) 
50 " 100 ' ^ 200 

Example 1 A A B 

Com- BCD 
parative 
Example 1 

Com.- ODD 
parative 

[E>am[)le ^: 



Each symbol in Table 1 has the following meaning. 
A; the surface ci the sk\n material is even and smooth 

B: the surface of the skin material was sligntly uneven, but the composite was stili of practical use 

C: the molded article could not be used in practice because of the uneven and rough surface of the skin 

materia! 

D' the motjed article had no nractical uti'ity because consp'cuous unevcnncss and roughness cn the 
sjrface of the skin materia) 

In tne subsequent examples, the surface state was evaluated in the same manner as described above. 

Example 2 

A composftion was prepared by homogeneously mixing 100 parts of a mixture comprising 8O0/0 of a 
propylene copolymer having 50/0 of ethylene copolymerized therewith and 2G0/c of a linear pclyester having M' 
of 8.0 g'20 mm at ISO C and a density of 0.930 g/cm^, with 6 pa-ts (corresponding to an expansion ratio of 15) 
or 12 parts (corresponding to an expansion ratio ct 25] of azcdicarbonamide as the foaming agent. 3 parts of 
ethylene glycol dimethacrylate as the crosslinking promoter and 0.3 part by weight of a phenol/phosphorus 
antioxidant. The composition was melt-extrudcd into a sheet having a thickness of 1.10 mm (the expansion 
ratio was 15) or 1,00 mm (tne expansion ratio was 25] by ttie T-die method. The siieet was irradiated v/itn 
ionizing radiation so that the average gel proportion was 550/o. and foaming was effected in a salt bath 
maintained at 230-'G to obtain a foam having an apparent density of 0.067 g/rni (the expansion ratio was 15) or 
0.040 g/ml (the expansion ratio was 25). 

The obtained crosslinked polyolefin resin foam having an expansion ratio of 15, a thickness of 2.0 mm and a 
gel proportion of 350/o was sliced into 1 mm portions to obtain a crosslinked polyolefin resin foam having a gel 
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index (Ml) of 1 1 g/10 mm at 190^C and an endothermic peak tGmperature (Tm) of 143' C and was in thy molten 
state, was placed on the lower female mold half at a resm temperature of 170"C, and molding was carried out 
under a gauge pressure cf 200 kg/cm^. 

Witn respect to the obtained molded article, the surface state of the molded article and the state of 
destruction of cells in the molded article were examined, and the results are shown in Tab'e 3 

E xamp les 13 and 14 

A composition was prepared by homogeneously mixing 100 parts of a m.xture comprising 70 or 50^/0 of a 
propylene copolymer (PP) having II0/0 of ethylene random/block-copolymerized tnerewith and 30 50o/o of 
an ethylene copolymer (PE) having 5^/0 of hexene copo'ymenzed therewith, with 7.5 parts of azodicarbona- 
mide as the foaming agent, 6 parts of diallyl phthalate as the crosslinking promoter and 0.15 pa-t of a phenol 
type antioxidant The composition was melt-extruded into a sheet having a tnlckness uf 2 mm by an extruder. 
The sneet was rradiated with ionizing radiation so that the average gel proportion was 65 to 73<^/c foam;ng was 
effected in an Oil batn maintained at 235' C. A plasticized po!y\'inyl chloride sheet having a thickness rj oa m.m 
vyas bonded to the obtamcd foam by using a pclyoster type adhesive, to obtain a comnosite 

The comoosite was mo ded v/itn a base layer resin as tne skeleton ma^e^al accof-dtng to tnc ^o:!ow ng 
m-ethod. A paT cf an upper male mold half and a lower female mold half each having a diameter or 50 mm and a 
depth of 10, 20, 30, 40 o^ 50 mm were attached to a compression molding machine. The composite was set 
oetween tne upper male mold half and the lower female mold half wnile maintaining the mold temperature at 
50'^ C, and 56 g of a polypropylene resin for the base layer as the skeleton material, which had a melt index (Ml) 
of 2.5 g/10 min at 190°C and an endothermic peak temperature (Tm) of 158^C, was placed on the lower female 
mold half at a resin temperature of 1S6"C. Molding was carried out under a gauge pressure of 200 kg/cm^. 

With respect to the obtained molded article, the surface state of the molded article and the state of 
destruction of cells of the foam of the molded article were examined, and the results are shown in Table 3. 
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*l! ratio cf dian«*t.r H to dspth d of mold.d 
article 

*2'. PP/PE ratio of 70/30 in Example 13 and pp/ph 
ratio cf 50/50 in Example 14 



ExarTi£leJ5 

-^^^'^^'i^^S-^ an a.e..e .e, p.po.on . 

port,on was 0 073 g/cm3 (the expansion ratio was 13 7) and ih. In '^^f^^PP^^^^^ density of one surface 
port,on was 0 063 g/cn,3 „he expansion ra o was 15 9 J^^ ottZTf °' '^^er 

propylene copolymer having 50/o of ethylene codo JmnrirnH ™T ^ '^"'^'"'^ comprising 80C/c of a 

having 50/0 of 4-methy:penfcno-1 copo WrI.Pri ?h^r u r^'^*" ""^ °^ ethylene copolymer 

dansityof0 930g/cm=, InrhesameTnn" i ^' ^ ^ 9'10 m,n a, 190 = C ana a 

from the surface on the small expa^sio raroSTf , Jf^^ ' ' ' ''^'"^ ' ^ "^'^ 

"'AreNn ^' "'^ """ ''''' '"'^'^ expansion ratio side of the foam - -■■■^ oucut :,dv,ng a 

parts Of a P op^V^n^To^jr H^r^'nT/^'oTe!^^^^^^^^^^^ Homogeneously mixing .00 

g'lO mm at 190 'C, with 20 parts of talc 5 oar^^nf iL?^ therewith, which Had a melt index of 16 
molecular weight of 6,000 and 0 pai of a pSol Woe s'ta2lt" TT'^'j Polyprooylene having an average 

composition was melt-oxtrudod from a extrude an ox uded r^^^^^^^^^ ' ''^^ 

extrudatevvas placed on a low-r female mDlri h:, f ^, an extruded resin temperature of 170 to 175°C the 
was Placed Petweon an uJ,:ZZ ^,ZTLT,^^^^^^^^^ 

temperature at 60°C. Compression molding war=ar.1ed ourunH ^'^"^ "^^'-^'^'^ing the mold 

press to obtain a molded laminated article ^ "'"'"'^ °' '^9^^'^' by a hydraulic 

Exa mple 16 

ai^fSh^'dlr^^Sriror^^^^^^ "-^^-ng under the same conditrons 

changed to 10 parts, ^"""^ °* low-molocular-vveight polypropylene mixed was 

Exa mple 17 

de:c:rdl"Exam;re^'stx::p^^;\T;;t^ "-'^'-^ '^^ — oondi..ons as 

Changed to 10 parts and a crossi nked po» res^ the jow-molecular-weight polypropylene mixed was 
average expansion ratio was 20) and an averroe del oroooH''"' '".ZT 9'<=^' "^e 
polyolefin rosin foam, P'°P°'^'°" of 50.8t).'o was used as the crosslinked 



bxample 18 

as^:s^he^:rirm:r;re«.^^^ 

;,-anged to 20 parts. °' low-molecu!ar-worght polyoropylene mixed was 

Example 19 

_ A melded laminated article was proMroo bv carrying out oo"^"— i.-^ ~ m 

aescnoed In Example 15 except that the amount of rhr inw",',.'' , '"^ ''"^ ^^'^^^ conditions 

cnanged to 20 parts and a crosslinked po lyolef^re^ n Jam h-'- Po'VPropylens mixed was 

average expansion rat:o was 20) and an averroe nT, nr^ h ^ ^"/PP^rent aonsity cf 0,050 g,'cm3 „he 
poiyoleiin resin foam 3" P^'^P'^rtion of 50 SQc was used as the crosslinked 



as^drrto^,d' in Exl^^^rr^eTc^pT^^aTt^he^^ar^^^^^^^^ ^^'^ ^"'^^ — - 

Changed tc 30 parti. """"^ °^ 'ow-molccular-welght polypropylene mixed was 



11 



EP 0 331 447 A2 



Example 26 r^^rrvinn out -omcression melding under the same condi! ens 

sed as tne polypropylene resin. ^Ktain^ri ,n F^amnlcs 22 to 25, the surface state of the 



m3'aed arti 
resJ:ts a^ct s'uwn in Table 5 



Table 5 



Rati!. of Fcarn 

4 10 20 35 45 

22 B - ' _ 22.2 -iB-S 

23 - A - ■ 2 -3.9 

24 ' - ^ \ 22:- 46 S 

25 - - " , 22,2 48 9 



^SSlc^n^pi^on prepare, by ..in, 100 pa.s of ^^^^^^^ ^ ^^Z:^:^'^^ 

having --,0/,, of etnylone copolyn.erized therewith ^^^^ ^^o o Imea^ po^et^^^^^^^^^^ 

and a density of 0.930 g/c,r,3 with 6 parts ^^mp . 27 oM . Pa^^ ^^-mp . ^ phonoi/phosphorus 

foaming agent, 3 parts of divinylbenzene as the <^,'^°5sl.nK,ng p ^.trudor accord,ng to the 

type stab:lizer was melt-extruded into a shoet ''.^''"^^^'^'^^"11^^^^^ J, the .rradlation energy on one 

T.d,e method. The sheet was irradiated w th and the average g^l proportion wa. 500/o. Tnen 

.ucface to the irradiation energy on The average cell diameter of the 

.apid foam,ng was effected in eo ° hr-erage cel. dLo.er of the surface 

surface layer portion on one side of the obtained '^^""^^ ' . surface layer portion on one side was 

Uyer portion on the other side was 180 ,m. The -;^P^^^^^'°"^^^;1° °J,^';^ side wa 14.5 The endothermic peak 
^3.5 and the expansion ratio of surface laye P-^^ ^^J^^^^^ ,1 ?,lasticized polyvir,yl chloride resin 
temperature TmF of the foam was 135 C, and the '^'CKn^^^f^^;^^^ ^ , ^^^^ by using a polyester type 
.heet as the skin material was bondeo o the ^^^'^''^1^^^^^'°^^^^^^^^ ^^ter al was placed at a resin 

^^^r;h::!.:"ris S^o?i::^r.:d"S:rt,cle3 arc Shown in Table 0 
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Claims 



and an average expansio- ratio of 5 to 40 n vr ch^hr ' ^" ^'"'"^^ proportion of 10 ,o 750,o 
thickness of 0.5 mm on the side of one su^ace of^hMl '-'■'^ a potion naving a 

portion nav,ng a thickness of 0.5 mm on tffe side o' thl o,h^ T ^^'"^ ^ 

said average expansion ratios ,s from 2 "^20 and a thereof and the difforenoe between 

average expansion ratio and (b) a m^lf of a ,hermo,l- ir-^^ > '° ^'^""^ '^^9^^ 

po3,„on intermediate between a pair of upper rd lowa n^^^^^^^ ' "^If " ^ predetermin' d 

composite confronts or :s in contact with the mcJdhrs^r^"^^^ 'V^l^' ^^h materia: side of tne 

the thermop,ast,o ras:n confronts oris .n oonM 'he S^^^ T'f '"r '"'^^^ '^^ 
ano 'ne molding surface of the other of the mold nairs? 

c arnp,.-,g the moid halves to effect compression molaing 

re^intk^r^t^,"^ ^° ' — ,e, proportron of the oross:,nKc. ooyoiW n 

form^Tce-^xSLrcfan^^ - c...,i,.,.. .....tin re. n 

tne s..,e.cn materia, is brought into conLt w,; tl c^^'e^ '''' "^^--^^-"^^ ^-'^ - 

ce.=xpo^3ors:rfal=^.afa^,erprS:tio^oTatirs,^3r ^^^'^ ^ ^ ^ - 

5. A prooesaaoccrdina to anv nrpr-oriino ...u.. ■ 

mm from tne surface of the crossiinked pofyoiefinVesin fn'^m ZZ"^ 'T' ^^^'"^ ^ thickness of 1 

IS contact, has an average cell diamete'^-Tot larger than 200 Z ' '"^t^^-' 

scanning calorinmter (DSC). crosshnked polyolefin resin foam as determined by a differential 

8 A process according to anv one of rHimc i n 
materia, is a mixture comprising^OO pa ts by ^Ih, otrnlol 'f ° - ^Ke.eton 

g-10 min as measured at 190°C and 2 to 40 parts bv ' i ''''' ^^''"^ " '"^^^ °' ^ to 60 

having an av erage molecular weight of 2 000 to 20 ooS ' ^t ^ low-molecuiar-weigh, poiyolef.n resin 

-^-^^^ ---^-^ 'ammated a,t:c,e is an i,.„erior 
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i^^' A niu.coG la:T:inated article (5) \i made frorti (a) 
a :on",ocSite comprising a crosslm^ed pnlyo'f=^fin res- 
roam (1) having an average gei o' jportion cf 10 to 
7P=^o ana an average expansion ratio of 5 to 40, ;n 
,vhic:i the average expansion ratio in a ::torticn iiav- 
ng 3 thickness cf 0 5 mm on tne side of one surface 
tne fnam is la^go'' ttia-- y-r a/^.n.igo c^xpansion 
■a: c in a portion having a thickness cf 0.5 tnm on. 
t^^e side of the othor sur'acc the re ef and The oif- 
fo'onco tretwee'^ said average e--pans^cn ratios is 
t-om 2 to 20, and a skin marcr al (2^ bondod to the 
L'uo'cico hiaving tlio iiirqer averagp C":.pansion ratr: 



v2 



a:id (b) a thermoplaslic lesn (4) as a skeleton ma- 
terial, as fol ov/G. The ccmposiio is placed a: a 
predetermined pcsitior^ intermediate between a par 
of upper and lower moid halves so that the skin 
mateial side of the ccmposi:e ccnfronts or is 
oonrart witfi the -^oicinq surface of mo ^<^.- m,oId 
ha:ves and the fnelt jf the ti-.en^^cp las'cc res n con- 
fronts or is in oonrac*^ .vith tre moldj^g surfacn of trvo 
othar o: tt^e moid '^alves: and '/'g mold fialces a'o 
clampec to e"ect ccmrression 'T^ncing. The fncddorj 
lam, mated afccio is cseful as an titer ior a't ck^ i a 
venicle. 
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Description 

BACKGROUND OF THE INVENTION 

5 (1) Field of the Invention 

The present invention relates to a nnolded laminated article comprising a polyolefin resin f jam having a 
skin material bonded to one surface and a thermoplastic resin skeleton integrally molded on the other 
surface. This molded laminated article is valuable as an interior article of a vehicle such as an automobile. 

JO 

(2) Description of the Related Art 

The following processes are known for preparing a molded interior article of this type for a vehicle. 

75 (i) First Conventional Process 

As disclosed in Japanese Unexamined Patent Publication No. 54-10367, a resin base layer (skeleton) 
pre-molded in a predetermined shape is set in a male half of a mold; an adhesive dispersed in an.organic 
solvent is coated on the surface of the resin base layer by spraying or the like; a composite comprising a 

20 polyolefin resin foam and a skin material laminated on the polyolefin resin foam, which is heated at a high 
temperature, is placed on the adhesive-coated surface; air is removed from a space between a female half 
of the mold and the composite and a space between the composite and the resin base layer by vacuum 
suction to firmly adhere the composite to the resin base layer; and compressed air is supplied onto the skin 
material of the composite to compress the composite to the resin base layer, whereby a molded interior 

25 article of a desired shape for a vehicle is obtained. 

(ii) Second Ccnventional Process 

As disclosed in Japanese Une<amined Patent Publication No. 54-158471, a skin material such as 
30 piasticized polyvinyl chloride is laminated on one surface of a polyolefin resin foam sheet by using an 
adhesive or by e<trusiOn lamination, a resin base layer (skeleton material) is tponded to the other surface to 
obtain a laminate, and the laminate is compression-molded in the heated and softened state by using a 
meld to obtain a moldec interior article cf a desired shape f :)r a vehicle. 

35 (iii) Thi^d Conver'iional Process 

As disclosed in Japanese Une>amined Patent Publication No. 62-181113 and 62-181114. a laminate 
sheet comprising a resin foam cushion sheet, a skin material bonded to one surface of :he cushion sheet 
and a protective film bonded to the Dther surface tf-ereof is placed in a position intermediate between a pair 

■^0 of upper and lower mold halves so that the skin ma:erial side of the laminate sheet confronts or is in contact 
with the molding surface of one of the mold halves; a melt of a thermoplastic resin as a skeleton material is 
supplied to a position between the protective film side of the laminate sheet and the molding surface of the 
other mold half; and the mold halves are clamped. 

The above-mentioned conventional processes have the following problems. 

45 In the first conventional process, since the steps of pre-molding the resin base layer in a desired shape 

and coating the adhesive on the resm base layer are necessary, the number of the steps is large and the 
productivity is low. Furthermore, since an organic solvent is necessary for dispersing the adhesive, the 
working environment is adversely affected and there is a risk of a fire due to the easy ignitability of the 
solvent. Moreover, the manufacturing cost is high. 

50 In the second conventional process, to soften the resin base layer, it is necessary to heat the resin base 

matehal, and since a pressure is applied to the foam sheet in the heated state, the temperature of the foam 
sheet on the side bended to the resin base layer Is elevated and cells are expanded, deformed and 
destroyed, and the resin base layer is not diffused to flow. Moreover, this destruction spreads to cells on 
the skin material side and the reaction force is transmitted to the skin material side, with the result that the 

55 surface of the resin base layer becomes uneven, whereby the commercial value is reduced and defective 
products are often formed to reduce the product yield. 

In the third conventional process, when the melt of the thermoplastic resin as a skeleton material is 
placed in contact with the resin foam cushion sheet, the surface portion of the foam is partially melted and 
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30 



'^^rks. ^"^"'''^9 ProdLCt becon^es uneven or has undesirable charge 

5 SUMMARY OF THE INVENTION 

-a.ena, and a skeleton, wh.ch article r.ay be va at^e C exalt ""''"''^ ' ' 
0 preferred embodir.er.ts of the process an adhes ve no .sTdT ' 
a. .he integral moldir^g step or in any prelim na rnoidTn; of L " 

preparation ^of old'i T:r? arie'^Zr^^^^^^^^^^^ ---- ^ for the 

5 crosslmkedpolyolefin resin foam having an averaae opl -^^^^^ ' f ' ^"'"P"^"^ =°"P^'^'ng a 

rat,o Of 5 to 40, in which the average expansion t oTn a poTon ha '° 7'° ''''^^^ -'P-'- 

Of one surface of the foam is larger than the averJoe Vn^ ' °' °" 'he s,de 

on the Side of the other su'aoe thereof and The dlr" k " ' '^^'^^ ^ ^^-^-^^ °f 0.5 

2 to 20, and a sk,n materia, bonded o hrsu Joe v nT^ ^^''^ 
melt of a thermoplastic resin as a skeleton mater al n a c^.Tt f ' "'^'^^ ^^^'^^ ^'"^^ (b) a 

Of upper and lower mold halves so that thrski: mrt^rl?^^ between a oa,r 

"""^ "'°'°'"9 surface of one of the mold halves and the m^it^Vi^ ::"'P"""^ conrronts or is in contact 

contact with the molding surface of tne other of the mo c hat f ^^f^-°P'-t.c resin confronts or is ,n 
compression molding. '^^ ano clamping the mold halves to effect 

BRIEF DESCRIPTION OF THE DRAWINGS 

a?c::in;;:.L~r ;:si:r^^^^ — a... prepares 

F.g. 2 ,s a v,ew iil.stratmg an embodimen. o, hT om f ,'1 ^ ^^^'^l^' 

^'9. 3 ,s a v,ew ,.strat,ng anothe^ embo^^mtrof^™ ^^^^^^^^^ 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



linear ethylene.-olefincopolym'e a opo vm'erof'7' '^ ''^'^^ -dom-block copc^mer 

- este. and a blend cf two o'r r^ore cf thSe p:,;S,:s'"'^' ''''' ^^'^'^ ^ - -^W . 

advers'e^ftr;: ^fo:: abeve-ment.oned -es., so long as they dc net hav» an 

^5 cells are destroyed by heat and pressure ap^^L' a .'e m o Id n T"^^ '^^^ 

s,de becomes uneven. On the other hand f h^ a^eraornl ' °" '^^ -^'erial 

extremely difficult. ' ""^'"9^ 9^' P^Portion exceeds 75%. molding becomes 

'o.o:^g:::s:.?:;rr;,:.::cr:^ ^ --m,ned by ,he 

- is precisely weighed. The weigh ! d 3 ^^^^^^^ %t'^ ^^7' and about O.t g of the cut fo m 

tetralin for 3 hours and then cooled the sample s ' lrT " ''''' ' ^^-Pe^ature of ,30-C ,n 

e-uted substance, and the sar^ple ,s the Ted The d S sal'e ^^^^^ 
designated as B (g, The ge. propc.cn ,s calculIteTb'y ^T^olTf::::.^^"'"' ^'^^ 

55 Average gel proportion (%) = (b/A) h 100 
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having a complicated shape becomes difficult. If the expansion ratio is lower than 5, the cushioning property 
of the foam is reduced, and the characteristics derived, for eKampie, for an interior molded article for a 
vehicle, cannot be obtained. 

The difference between the average expansion ^atio of a portico having a thickness of 0.5 mm on the 
5 side of one surface of the foam and a portion having a thickness of 0.5 .mm on the side of the other surface 
thereof is from 2 to 20. If this difference is smaller than 2, the surface of the skin material of the composite 
becomes uneven. If the difference is larger than 20, defornnation such as warping occurs due to the 
difference of shrinkage by cooling after the molding. 

The expansion ratio referred to in the instant specification and appended claims means the reciprocal 
10 number (1/A) of the apparent density (A g/cm-). 

Preferably, at least one surface of the crosslinked polyolefm resin foam is a cell-exposed surface, and 
the thermoplastic resin as the skeleton material is integrally laminated on the cell-exposed surface. The cell- 
exposed surface is formed by s. icing the once formed crosslinked polyolefin resin foam. Namely, the sliced 
exposed surface is the ceil-expcsed surface. 
75 Preferably, the average cell diameter of a surface layer portion having a thickness of 1 mm from the 

surface at least on the side, on which the skeleton material is laminated, of the crosslinked polyolefin resin 
foam is not larger than 200 urn, especially not larger than 150 um. If this average cell diameter exceeds 
200 um, cells are readily destroyed and the skin material surface becomes uneven. 

The average cell diameter is determined by the following method. The surface layer portion of the foam 
20 is viewed at 20 to 30 magnifications by an electron microscope and the longitudinal section of the foam 
having the large cell diameter is photographed. The number N of cells present in a predetermined length L 
is counted, and the average cell diameter is calculated by the following formula: 

Average cell diameter = predetermined length UceW number N 

25 

Either a polyolefin resin foam prepared by using a foaming agent of the thermal decomposition type or 
a polyolefin foam prepared by the extrusicn foaming method i.^ which a polyclefin ^esin is kneaded with a 
liquid in an extruder and the liquid is gasified, can oe used as the polyolefin resin foam in the present 
invention. Any known process for forming a crosslinked polyolefin resin foam can be adopted. A crosslinked 

30 polyolefin resin foam having an average expansion ratio of 5 to 40 is used. 

As the preferred process, there can be mentioned a process in which a mixture comprising a polyolefin 
resin, a foaming agent and a crosslinking promoter is crosslinked by ionizing radiation and the mixture is 
heated at a temperature higher than the decomposition temperature of the foaming agent to effect foaming. 
a'"d a process m which a mixture of a polyolefin, a foaming agent, an organic peroxide and a crosslinking 

35 p-'omoter, optionally together wi:h a crosslinking adjusting agent, is heated at a temperature higher than the 
decomposition temperatures of the organic peroxide and foaming agent to effect crosslinking and foaming 
Tnese processes are suitable for the production of an endless :ontinuous foamed sheet. 

Any compound whicn is soiid at normai temperature and decomposed when heated at a temperature 
Higher than the melting pent the polyo.'efin resin can be used as the foaming agent, so long as sheer 

40 fC'rnning or cTosslinkin^^ reaction is not substantially hindered, but preferably a foaming agent havng a 
decomposition temperature of 180 :o 240 ° C is used. As specific examples, there can be mentioned 
azodicarbonamide, a metal salt cf azocicarbo^.ylic acid and dinitrosopentamethylene-tetraamine. The 
foaming agent is used in an amount of 0.1 to 40°o by weight based on the polyolefin resin, and the amerunt 
of the foaming agent incorporated can be optionally changed according to the kind of the foaming agent 

45 and the intended expansion ratio. 

Where an organic peroxide is used as the cross-linking agent, preferably the decomposition point of the 
organic peroxide is higher than the flowing-initiating temperature of the polyolefin resin used in the present 
invention and the decomposition temperature of the organic peroxide is higher than about 120*C especially 
higher than 150'C, if the decomposition half-value period is 1 minute. As specific examples, there can be 

50 mentioned methyl ethyl keton peroxide (182*C), t-butyiperoxyisopropyl carbonate (153'C) and dicumyl 
peroxide (171 ' C). The organic peroxide is used in an amount of 0.01 to 10% by weight, preferably 0.05 to 
5^0 by weight. 

As typical instances cf the crosslinking promoter, there can be mentioned divinylbenzene, diallylben- 
zene and divinylnaphthalene. Preferable the crosslinking promoter is incorporated in an amount of 0.1 to 
55 30% by weight, especially 0.3 to 20% by weight, based on the polyolefin resin. 

f^ixing of the polyolefin resin with the foaming agent, crosslinking promoter and/or organic peroxide is 
accomplished by known mixing methods. For example, there can be mentioned a method usirig a Henschel 
mixer, a method using a Banbury mixer, a method using a mining roll, a mixing method using a kneading 
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extruder and a method \n w^jc- a polyoiefm ^esin is dipped in a solution containing the fcan-ing age^t. 
orosslinkirg promoter anc.cr organic peroxide. Tnese methods can oe used alone or m comDmaticr 
Especially, where the resin is a powdery resin, a powder-mi <ing methcd using a Henschel mi;o- is 
acvantageous. The powder mixing is generally earned out at a temperature of from room temperature to :^^e 

5 softening temperature of the resir, and the melt mixing is genera ly earned out at a temperature of *rcm the 
melting temperature of the resin to 185*C. 

When a contmucus foamed sneet is prepared, preferably a sheet is formed at a temperature lower than 
the decomposition temperature of the foaming agent by extrusion melding prior to foaming. 

Crcss!inking and foaming of :he homogeneously mixea or knead-moldec *caming composition :an oe 

*o accomplished by heating at 130 to 300 ' C, preferably 150 to 260' C, under an atmospheric or eievated 
pressure when an organic peroxide is used V^here crosslinking and decomposition of the foaming agent 
are caused substantially simultaneously, a method is adopted in which the foaming composition ^s heated 
for a time necessary for crosslinKing and decomposition m a scalable mold where compression is possible, 
and foaming is effected simultaneously with a release of the pressure. This is especially effective when a 

15 powdery mixture is directly foamed. Where the foaming agent is not decomposed under high temperature 
crosslinking conditions, a methcd is adopted in which after the crosslinking, heating is carried out at a 
temperature higher than the decomposition temperature of the foaming agent under an at.mosoheric or 
eievated pressure to eftect foaming. To obtain a foam having fine ceils, preferably a method in which 
foaming is earned out under eievated pressure is adopted. The neating time necessary fcr the crosslinking 

20 or foaming vanes depending upom the temperature for heating the composition and the thickness of the 
material to be foamed, but is generally 1 to ?>0 minutes. 

Where the foaming composition is crosslinked by irradiation with ionizing radiation, electron beams frcm 
an electron beam accelerator and a, ^ and 7 ''ays from radioactive isotopes such as ^^Co are preferred as 
the ionizing radiation, although X-rays or ultraviolet rays :an be used. The irradiation dose of the radiations 

25 is changed according to the kind of the crosslinking promoter and the intended crosslinking degree, but the 
irradiation dose is generally 0.1 to 30 Mrad. preferably 0.5 to 20 Mrad 

Foaming of the radiation-ircsslinked restn is accomplished by heating at a temperature higner than th^:- 
melting temperature of the pclyolefin resin, preferably at a temperature higher than 190 'C, under a norma:, 
elevated or reduced pressure. A neatmg source or a heating medium can be optionally selected according 

30 to the shape of the unfoamed molded artic e or the pressure eonditicn at the time of foaming, as m the 
above-mentioned cases. 

As the means for maKing tne average expansion ratios in both o^ the surface portions of the crosslinked 
polyolef'n resin foam different from each other, a method is adooted in which, when the foamable sheet is 
foamed at a tem,perature h.gher than the decomposition temperature the foaming agent by a N:aming 
J5 machine, the heating temperature for one surlace is made higher tnan the neatmg temperature for the other 
surface to adjust the de:ompos:t:cn of the foaming agent and the melt stress of the pclyolefin resin, or a 
methcd is adopted in wnich the crosslinking reaction degree is mace oifferert between the two surfaces. 
Furthermore, this difference can be realized by laminating polyoiefm foa^s naving a different average 
e>pans:on ratio by using .an adnesive cr ceferab^y, by fusion bonding. 

As the means for exposing ee.ls on one of the two surfaces of :h6 jicssnnKea poiyoiefin resin foam, a 
iMethco can be adopted in which the SKin surface of a sliced crosslmkec oolyo:efin foam is bonced to a 
crosslinked pclyolefin resin, and a methoG can be adopted in which a si'ced crosslinked pclyolefin resin 
foam> alone is used. The former methcd is prefemed because an opt.onai softness is freeiy selected and the 
adaptability to various uses is good. 
.'5 As pointed out hereinbefore, preferably the average ceH diameter m the surface portion of the 

crosslinked pclyolefin resin roam at least on the side on which the skeleton material resm is laminated is not 
larger than 200 um. As the means for obtaining a foam having such an average celi ciameter. the following 
methods can be m.entioned. 

(1) The higher the crosslinking reaction cegree {expressed by the gel proportion) m the ^esin eompcs-- 
50 ticn, the smaller the :eil diameter of tne foam. For example, where crosslinking is effected by ionizing 
radiations such as a rays, p ^ays. y rays. X-rays and ultraviolet rays, if the irradiation energy distribution 
■s changed in the thickness direction and the irradiation energy m the surface layer portion is increased, 
the gel proportion can be increased in :his portion, whereby the ceil ciameter m this portion can be 
^educed. 

55 (2) Where the crosslinked foamable sheet is heated to effect foaming, if the foamable sheet is rapidly 
heated, many structures acting as the cell nucleus can be formed in a short time in the surface layer 
oortion of the foam, and therefore, the cell diameter can be reduced in the surface portion 
These methods (1) and (2) can be used alone or in combination. 
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The crosslinked polyolefin resin foam is generally used in the form of a sheet or plate, and the 
thickness is generally in the range of from 0.5 to 20 mm 

As the skin material to be bonded to the crosslinked polyolefin resin foam in the present invention, 
there can be used known skin materials such as a fabnc comoosed of natural or man-m^ade fibers, a sheet 
5 composed of a polyvinyl chloride resin, a thermoplastic elastomer sheet, a leather and a sheet composed of 
a mixture of a polyvinyl chloride resin and an ABS resir. The thickness of the skin material is generally in 
the range of from 0.02 to 1.5 mm. Usually, skin material is tended to the foam material using an adhesive. 

A polypropylene resin is preferably used as the thermoplastic resin as the skeleton material in the 
present invention, but the above-mentioned material of the polyolefin resin foam, an ABS resin and a 
w polystyrene resin and the like can be used. 

As the preferred combination of the polyolefin resin foam and the thermoplastic resin as the skeleton 
material, there can be mentioned a combination of a oropylene polymer resin foam and a polypropylene 
resin, but a combination of an ethylene polymer resin foam and a polyethylene resin and a combination of 
heterogeneous resms such as a propylene polymer resin foam and an ethylene polymer resin can be used. 
15 Where heterogeneous resins are combined, however, these resins are fusion-bonded through an adhesive 
film such as an Adomer film (supplied by Mitsui Petrochemical) or. Kuranbetter (supplied by Kurabo 
Industries). 

As a typical instance of the thermoplastic resin as the skeleton material, there can be mentioned a 
polyolefin having an endothermic peak at (TmF - 60 'C) to (TmF + 60 'C), especiaJy (TmF - 35 ' C) to 

20 (TmF + 35 'C), in which TmF refDresents the endothermic peak temperature of the crosslinked polyolefin 
resin foam as determined by a differential scanning calorimeter (DSC), and a melt index of at least 1.0 g/10 
min as measured at 1 90 * C 

The endothermic peak temperature determined by DSC (differential scanning calorimeter), referred to 
herein, means the temperature at which a highest endothermic peak appears among endothermic peaks 

25 observed when 0.1 mg of a sample is measured at a temperature-elevating rate of 50'C/min and a 
temperature-dropping rate of 50*C/min. 

If the above-mentioned endothermic peak temperature of the polyolefin resin for the skeleton material is 
lower than (TmF - 60 ' C) in which TmF stands fcr the endothermic peak temperature of the crosslinked 
polyolefin resin foam, the heat resistance temperature of the obtained molded laminated article is ;ow, If the 

30 endothermic peak temperature exceeds (TmF + 60 "C). ceils of the crosslinked polyolefin resin foam are 
easily destroyed by the melting heat of the polyolefin resm for the skeleton material at tne molding step. 

If the melt ndex of the polyolefin resm as the skeleton material is smaller than 1.0 g-10 mm at 190°C, 
the number of cells broken of the crosslinked polyolefin res.'" foam at the molding step s increased. 

The melt 'nde^ referred to herein is a value (g/10 m n) lotained by aoplying a load of 2.16 kg to 4 to 5 

35 g of a sample under heating at 190'C and multiplymg tne weight of the sample dischargee ^rom a nozzle 
by 10 (see ASTM D-1238). 

Another typica! e<ample cf the skeleton resin is a r^lend of 100 parts by weight cf a polyolefin resin 
having a melt index of 1 to 60 g/10 min at 190'C wtti 2 '.o 40 parts by weight of a Icw-molecu ar-weight 
poiyoiefin resin having an average molecular weight of 2,000 to 20,000. If the melt fnde< :)f the oolyolefin 

40 resin as the main component is smaller than 1 g/10 mm at 190 'C the flowability is degraded and when a 
pressure is applied at the melding step, cells of the crosslinued polyclefm resm foam are often destroyed cr 
setting in fatigue is readily caused. If the melt inde^ exceeds 60 g/10 mm at 190"C, the flowability 
becomes too high and the impact resistance of the skeleton resin is degraded. As the low-molecuiar-weight 
polyolefin resin, there can be mentioned polypropylene, polyethylene and a propylene/ethylene copolymer, 

45 each having an average molecular weight of 2,000 to 20,000. These polymers can be used alone or as a 
mixture of two or more thereof. If the average molecular weight is lower than 2,000, the strength of the resin 
!s reduced and the elongation is lowered, and the moldability is degraded. If the average molecular weight 
exceeds 20,000, the flowability is degraded, and when a pressure is applied at the molding step destruction 
of cells of the crosslinked polyolefin resin foam often occurs or fatigue often sets in, and convexities and 

50 concavities are easily formed on the outer surface of the skin material. 

Whether the above-mentioned low-molecular-weight polyolefins are used alone or as a mixture of two or 
more thereof, the mixing ratio by weight of the low-molecular-weight polyolefin to the polyolefin resin having 
a melt index of 1 to 60 g/10 min at 190*0 for the skeleton material is 2/100 to 40/100. If the mixing ratio is 
smaller than 2/100, the flowability is degraded and when a pressure is applied at the molding step, 

55 destruction cf cells of the crosslinked polyolefin resm foam occurs or fatigue sets in and the outer surface of 
the skin material becomes uneven. If the mixing ratio exceeds 40/100, the strength of the final molded 
laminated article is reduced. Note, the molecular weight is measured by the vapor pressure permeation 
method or the gel permeation chromatography method (GPC). 
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55 



sk.li-n"Z"" """" " °' -ccrporated ,n ,ne res.n as -he 

:d Mo " " cha.acter:s.,cs of the res.n as the ske etor, .ater,a, are not adv se 

■c :J~an Padded ^ " ^ ^ ^^'-^^^ ^^er, 

- „ ample, an ABS resin, a polystyrene resm or a petrcleur^ resn, .;:an oe added to the skeleton resir 
:cng as the moldaoility s not degraded skeleton resm sc 

.f^e sn n atericl. cird the resin as the skeietor rr.aterial will now be descno^^d 

T-e molded laminated article is prepared by the hot stamping molding process. More spe^^ificallv -he 

orm"r:!ot : "^'^^'^'^^ '^^'^^ '--^ -te. i sfpp ed n th 

torm soots or a sheet on the molding surfaoe of one of the mole haives and the composite c -he 
polvolefin resm foam with the skin material horded to the foam is supo ied at an optional e3a,ure nntn 
tne m,ten thermoplastic resin and the assembly ,s compressed in tfTs state, where the Z es^^"^ 

' ^ emcodiment of the hot stamping mcding process. As shown in Fig 2(a) a 

composite 3 comprising a polyolefin re_sin_ foam 1 and a skin material 2 bonded thereto is arranced it a 
predetermined position between a pair of upper and lower mold halves 6 and 7, and an pp op ate amo n 
0 a molten thermoplastic resm 4 as the skeleton material is suopliec to a p edeZmed pos t"n 
mterm. late between the skin mater.l-free surface of the composite 3 and tne moldmg so^^ of ,h'e I: 

,:moera:lre oon^Lr.f^^^^^ ^ under .predetermined 

th^ ot.^, . . ■ " ' """^ i.a-vcc) o dnu /, wnereoy a mold^^d laminated article 5 havinn 

the Skeleton matenal 4 integrated with the foam 1 of the composite 3, as shown in Fig. 2(c, is b aired 

Fg.re 3 Illustrates another embodiment of the hot stamping molding process. A pre-forLd composite 
^5 o 'rK " ^''^^'"'^ on a lower mold half 7 so that a foam , of the compoS 3 s 

oat ? jl ' ""''^-^ thermoplastic ^esin 4 as the skeleton material ,s supTed o the 

TJ r '^r^'T ''^'""^ " ^PP-' lower mold hies 6 and 7 

as showr :, rig. 3.'b), and a molded laminated article 5 as shown m Fig 3,c. :s obtained 

^t -I aS'vis'. T-'h°.' " "'"^-"^^ e<amples. Note, a.l 

-I c and parts n he e.;amples are oy weight unless otherwise mdioateo. 

Ex an Die 1 

'"^;P^^P^^^^ homogeneously mi>:,ng ,00 parts cf . ^,<t.re comprising 80=o of a 
. .p^.i. .opoiyme ^,av ng 5=o cf ethylene cocclynerisec therew... c 20% of linear pdvethylln! 
. havin, a melt noe. .Ml) of 80 g 10 .mm at 190-C and a densitv :f 0 930 g ml with 10 plr l cf 
r:;X".?rdT3'o-n? 'r'l' ' ''"^ °' --etny.olpropare tnacrylate as the crosslin.ng 

-iTt -vro , ' .'='^:^' P^°^P^°^^^ ^'/P- a-"°-dart. The corccs t^cn was meit-e.truded into 

^^n z ■^:;d atr s ^ " " ^^'^'^^ -^^'^'^^ ^'^ 

Tne obtained c^r.sslinked colyo efm resm foam had an. apparent dcnsit. o'. 0,050 g cm3 (the averaoe 
.^.cthe.mi. pea^ .emper.ture TmF of 133 -C, and the apparent densit-, o- a portion having a thickness o^ 

iLTe . -0 as'"::; ■ '^^"'^ ^^^'^^ ^ '^'^^^^^^ - ^ereSer 

. . , '^^""^ ^ Q'^^'^' (^'^^ ^^^rage expansion ratio was 22) and the 

.1.. .ve age .ell di.meter m a portion having a depth of , mm from the surface on the ^mall averaoe 

: fn^Tlmra^tc^h '':r'T'' ^^'^ --^^e cell diame rn' 

J 40 am A ni^ T r. ''^'^^^ ^^P— Of the resm 

s: "materi '0 1 1^ ' ' '"^"3 ^ '^-^^-^ o' 0 -as bonded as the 

t::j::e::::J::^g:S''^'^^^^^^^^ ^'^^ °' -'^^^ ^ --„guid type pdyester 

^S3TsTrZ7.'7?r endothermic peak temperature Tm of 

i , the-moplastic resm as the skeleton material was made molten at a temperature of 190 'C 
and 56 g ot the melt was extruded on the molding surface of a mold half by the T-die method The above^ 
rnentioned composite was placed on the extruded polypropylene resin sc that the small a rage expan on 

- a emb wa™:^ T '^'"^ ^'^^^^^ Polypropylene Sn ^n 
a.sembly was mtegr.lly molded under a pressure of 50 ,00 or 200 kg cm^ by a 26-'cn press, whereby 
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an interior molded article 5 for a vehicle comprising the skeleton material 4 ^usion-bonded to the composite 
3 comprising the skin material 2 and the crossiinked polyo^efin resin foam 4, as shown in Fig. 1, was 
obtained. 



5 Comparative Example 1 

In contrast with E<ample 1, tne skin material was bonded to the smail average expansion ratio side of 
the crossiinked polyclefin resin foam, and in the same manner as described in E.xample 1, the poly- 
propylene resin was fusion-bonded to the large average expansion ratio side and integral molding was 
w carried out, whereby an interior molded article for a vehicle was obtained. 



Comparative E>ample 2 



A commercially available polyclefin resin foam where the difference of the average expansion ratio 
75 between the two surface layer portions was less than 2 and was not significant (the average apparent 
density was 0.05 g/cm^, the average gel proportion was 32%, the endothermic peak temperature TmF was 
133'C and the thickness was 3 mm) was used, and the same skin material as used in Example 1 was 
bonded to one surface of the resin foam. In the same manner as described in Example 1, the polypropylene 
.^esin was fusion-bonded and molding was carried out, whereby an interior molded article for a vehicle was 
20 obtained. ' 

The surface state Df the skin materials of the molded obtained in Example 1 and Comparative Examples 
1 and 2 were obsen/ed. The obtained results are shown in Table 1. 



Table 1 

:?5 





fvlolding Pressure (kg/cm-) 


50 


100 


200 


E.-:amp!e 1 


A 


A 


B 


Comparative E>amp;e 1 


B 


C 


D 


C'^mparative Example 2 


D 


D 


D 



Each symbiDi in Tacle 1 has the following meaning. 
35 A; the surface of the sk-n material is even and smooth 

B: the su-'face- of the sk n material was slightly uneven, but the composite was still of Dr3cti::al usc- 
C: the- moided article could not be used in practice because of the uneven and rough surface of the 
skin matenal 

D: thc' mOided a-ticle had no practica. utility because o' conspicuous unevenness and --oughn^ss on 
^0 the surface of the skin material 

!r the subsequent e>amples. the surface state was evaluated in the same manner as cescnbed above. 



Example 2 



45 A composition was prepared by homogeneously mi>^ing 100 parts of a mixture comprising 80% of a 

propylene copolymer naving 5% of ethylene copolymerized therewith and 20% of a linear oclyester havim^ 
Ml of 8.0 g/20 mm at 1 90 ° C and a density of 0.930 g/cm^, with 6 parts (corresponding to an expansion ratio 
of 15) or 12 parts (corresponding to an expansion ratio cf 25) of azodicarbonamide as the foaming agent. 3 
oarts of ethylene glycol dimethacrylate as the crossimking promoter and 0.3 part by weigh: of a 

50 phenol/phosphorus anioxidant. The composition was melt-extruded into a sheet having a thickness of 1.10 
mm (the expansion ratio was 15) or 1.00 mm (the expansion ratio was 25) by the T-die method. The sheet 
was irradiated with ionizing radiation so that the average gel proportion was 35%, and foaming was effected 
in a salt bath maintained at 230 • C to obtain a foam having an apparent density of 0.067 g/ml (the 
expansion ratio was 15) or 0.040 g/ml (the expansion ratio was 25). 

55 The obtained crossiinked polyolefin resin foam having an expansion ratio of 15, a thickness of 2.0 mm 

and a gel proportion of 35% was sliced into 1 mm portions to obtain a crossiinked polyolefin resin foam 
having a gel proportion of 45% in the sliced cell-exposed surface layer portion. The skin surface of the 
sliced polyolefin resin foam was press-bonded to the skin surface of the crossiinked polyolefin resin foam 
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having an evpansion ratio of 25, a ^htc-ness cf 2,0 mm and a gel proportion of 35^o by pressing roll wh.Ie 
feed ng not air raintained at 400 • C to the sorfaces to be fusion-tondod by a hot a^r generator to nnelt the 
surface portions, whereby a poh/olefin resin ^cam having a ceil-expcsed surface or one s;Oe was ODtained. 
As the ^.eans for :T,eltihg :he surface aye" portions, various methods oould be adopted, such as a method 

5 m /vhich the sides to be fusior-bonde : /ve^e heated by an electric neater. In the bonded foam, the 
e> fans on ratio of tne surface layer portion on the sliced surface side was 14.3 anc :he expansion ratio of 
tne surface layer po^ on on the sk n scrfare s de was 13.2. The average eel diameter in a portion of a 
TMCKneso c* 1 nm on the sliced surface s\ce ^as 155 um. The endot-ermio pea^ temperature TmF cf each 
crosslirKed pclyolefir resm foam was 135*3. 

JO A icmposite 3 was prepared by oondi.^g a piasticized polyvtny! :hlonde sheet 2 having a thickness cf 

0.45 m.m as the skin material to the skm surface on the side of an expansion ratio of 25 m the crosslinked 
polyolefin resin foam 1 by using a twc-iGuid type adhesive, as shown in Fig. 1. 

A potypropylene resin (having an Ml :t 42 g 10 mm at 190*0 and a encothermic peak temperature Tm 
cf 153 -C; as the thermoplastic res.n as the SKeloton material was made molten at 203 ' C and 56 g of the 

75 meit was e>trudea on the molding sur'a:e cf a mold half by the T-die method. The ccmposite was placed 
on tne molten polypropylene resir so that ^he ced-exposed surface (sliced surface) of the crosslinked 
polyolefin rosin foam was placed in :ont3C" with the molten polypropylene ^esin. The assembly was molded 
by applying a pressure of 50 or 100 k^ 'zhy for 30 seconds by a 26-:cn press heated at 40 * C to obtain an 
interior moided article for a vehicle, com^-nsmg the skeleton material fusion-bonded to the composite. 

20 

Evample 3 

A crosslinked polyoiefin resin foam having an average expansion ratio of 25, a thickness of 2.0 mm and . 
an average get proportion of 35%, which was orepared in the same manner as described in Example 2, was 

25 sl.ced into 1 mm portions to obtain a c^cssinked polyolefin resin foam in which the gel proportion was 45% 
in the surface layer portion on the celi-e- posed side. The skin surface of the sliced foam was press-bonded 
*c -he skin surface of the crosslinked ociyclefin resin foam having an expansion rat^o of 25, a thickness of 
2 0 mm. and a gel proportion of 35°:^ c > a press roll whMe feeding hot air maintained at 400*0 to the 
surface to be ^usicn-borced by a hot atr -oneratcr to melt the surface layer portions, whereby the polyolefin 

30 resin f^am havng a cell-exposed surfa>:- cr one stde was obtained. In the obtained bended foam, the 
e- pansier ratio of the surface layer ^cn-.o-^ on the sliced surface side was 21.3 anc the expansion ratio of 
*he surface layer portion on the sk'C surface side was 17.S. The average cell diameter in a portion having a 
•hickness :f 1 m.m, from the surface :n r-.e si ced surace side was 180 am. The endothermic peak 
:ompera*ure' TmF of the polyolefin x-si^ 'car^; Aas 135*0. 

35 In t^^e same manner as descno-c i-- Examole 2, a plasticiiieG ooiyvmy chloride sheet was bonded to 

*he sk:n surface of the bonded cross. m- go pclyclef n -esin foam to cbtain a composite, and in the same 
manner as described in Exam,o:e 2, a rolypropylere resin as the thermoplastic resm as the skeleton 
mater a was integrated with the cor^p cs w-ereby an -nter^or molded article for a v'ehicle. comp^'smg the 
SMrletcn material fjsi on-bonded to the c;f^ocs -c. was obtained. 

jc The sjrface state o' the skin -nater'.:! r -a:- --c'ded artic'co .o:.iir.^j .n Examples 2 ana 5 was 

cosor ve-j, ana I'^e results are show^ \r Tar: c 2 

Table 2 





Molding Pressure 




(kg;om^) 




50 


100 


E>ampio 2 


A 


A 


E^annpie 3 


A 


B 



E<amples 4 to 12 

A composition was prepared by homogeneously mixing 100 parts of a mixture comprising 80% of a 
propy'ene copolymer naving 5°o cf ethviene copolymerized therewith and 20% of an ethylene copolymer 
havmg 8°o of butere copolymen^ec -herewi-h, with 5 10 cr 15 parts o* azodicarbonam ce as the 'earning 
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agent, 4 parts of divinylbenzene as the crossiinking promoter arid 0,3 part of a phenol type antioxidant. The 
composition was melt-extruded into a sheet having a thickness of 2 mm by an extruder. The sheet was 
irradiated with ionizing radiation so that the average ge! proportion was 30 to 33%, 47 to 53% or 65 to 72°o, 
and foaming was effected in a salt bath maintained at 230 ' C. A composite was prepared oy bonding a 

5 plasticized poiyvmyl chloride sheet having a thickness of 0.4 mm by using a polyester type adhesive. 

This composite was molded with a base resin layer as the skeleton material according to the following 
method. More specifically, a pair of an upper male mold haif and a lower female mold half each having a 
diameter of 50 mm and a depth cf 10, 20, 30, 40 or 50 mm were attached to a compression molding 
machine. The composite was set between the upper male mold half and the lower female mold half while 

10 maintaining the mold temperature at 50 • C. A polypropylene resin for the base layer as the skeleton 
material, which had a melt index (Ml) of 11 g/10 min at 190*C and an endothermic peak temperature (Tm) 
of 143 *C and was in the molten state, was placed on the lower female mold half at a resin temperature of 
1 70 ' C, and melding was carried out under a gauge pressure of 200 kg/cm^. 

With respect to the obtained molded article, the surface state of the molded article and the state of 

75 destruction cf cells in the molded article were examined, and the results are shown in Table 3. 

Examples 13 and 14 

A composition was prepared by homogeneously mixing 100 parts of a mixture comprising 70 or 50% of 
20 a oropylene copolymer (PP) having 1 1 °/o of ethylene random/block-copolymerized therewith and 30 or 50% 
of an ethylene copolymer (PE) having 5% of hexene copolymerized therewith, with 7.5 parts of azodicar- 
bonamide as the foaming agent, 6 parts of diallyl phthalate as the crossiinking promoter and 0.15 part of a 
phenol type antioxidant. The composition was melt-extruded into a sheet having a thickness of 2 mm by an 
extruder. The sheet was irradiated with ionizing radiation so that the average gel proportion was 65 to 73%, 
25 foaming was effected in an oil bath maintained at 235 'C. A plasticized polyvinyl chloride sheet having a 
thickness of 0.4 mm was bonded to the obtained foam by using a polyester type adhesive, to obtain a 
composite. 

The composite was molded wth a base layer resin as the skeleton material according to the following 
method, A pair of an upper male mold half and a lower female moid half each having a diameter of 50 mm 

j(} and a depth cf 10. 20, 30, 40 or 50 mm were attached to a compression molding machine. The composite 
was set between the '^pper male mold half and ^he lower female mold half while maintaining the mo'd 
temperature at 50 °C, and 56 g of a ootypropylene resin for the base layer as the skeleton material, which 
had a melt index (Ml) of 2.5 g/10 m\n at 190°C and an endothermic peak temperature (Tm) of 1 58 ' C. was 
o aced on the icwer female meld half at a resin temperature of 186'C. Molcing was carried out under a 

35 gauge oressure of 200 kg/cm^. 

With respect to the obtained molded article, tne surface state of rhe molded articie and the state ;:f 
destruction cf cells o' the foam of the molded article were examined, and the resu'ts are shown in Table 3. 
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♦1j ratio of diamattr H to depth D of molded 
article 

5 

♦2t PP/PE ratio of 70/30 in Sxainple 13 and PP/PB 
ratio of 50/50 in Example 14 

10 

E' ample 1 5 

A crossiinked polyolefin resin foam having an average expansion ratio of 14.9, an average gel 
proportion of 49.9% and an endothermic peak temperature TmF of 135 'C, in which the apparent density of 

15 one surface portion was 0.073 g/cm^ (the expansion ratio was 13.7) and the apparent density of the other 
surface layer portion was 0 063 g/cm^ (the expansion ratio was 15.9), was obtained from a mixture 
comprising 80% of a propylene copolymer having 5% of ethylene copolymerized therewith and 20% of an 
etnylene copolymer having 5% of 4-methyipentene-1 copolymerized therewith, which had an Ml of 1.0 g/10 
mm at 190-C and a density of 0.930 g/cm^, in the same manner as described in Example 1. In a portion 

20 having a thickness of 1 mm from the surface on the small expansion ratio side of the foam, the average cell 
size was 170 am. A square composite having a side of 20 cm was prepared by bonding a plasticized 
polyvinyl chloride sheet having a thickness of 0.4 mm to the large expansion ratio side cf the foam. 

A resin composition for the base layer as the skeleton material was prepared by homogeneously mixing 
100 parts of a propylene copolymer having 10% of ethylene copolymerized therewith, which had a melt 

;'5 index of 18 g/10 min at 190*0, with 20 parts of talc, 5 parts of low-molecular-weight polypropylene having 
an average mofecuiar weight of 6,000 and 0.1 part of a phenol type stabilizer (antioxidant). Then, about 25 g 
C' the resin composition was melt-extrucod f-'om an extruder at an extruded resin temperature of 170 to 
175'C. the extrudate was placec on a low ?r female mcid half of a molding machme and the above- 
n>:nt(oned composite was placed between an upper male mold ha:f and the lowe^ female mole half while 

JO maintaining rhe mold temperature at 60 ' C. Compression molding was carried out under a pressure of 58 
k;; cm2 by a hydraulic press to obtain a m:)ldej lamma^ed article. 

E> am pie 1 6 

-5 A m.clded laminated article was pr-pan;-d ov car^-ying out compression melding under the same 

nditions as jescribed ir Example 15 e.o:ef:^ that the amount of the ow-molecular-weight poiyprooylene 
,T <ec was changed to 10 oarts, 

E> amp e 17 

A molded laminated article was pr---parf:0 by earring out compression mcding under the same 
c-:nditions as described in Example 15 e-:epf tha*: the amount of the low-moiecular-weight polypropylene 
T.-:ed was changed to 10 parts and a crosslinKod polyolefin resm foam having an aoparent density of 0.050 
g cm^ (the average expansion ratio was 20) and an average gel proportion of 50.8% was used as the 
45 crossiinked polyolefin resin foam. 

Example 18 

A mcldec laminated article was prepared oy carrying out compression molding under the same 
50 conditions as described in Example 15 except that the amount of low-molecular-weight polypropylene 
m;*ed was changeo to 20 parts. 

Ex ample 1 9 

55 A melded laminated article was prepared by carrying out compression molding under the same 

conditions as described in Example 15 except that the amount of the low-molecular-weight polypropylene 
mi«ed was changed to 20 parts and a crossiinked polyolefin resin foam having an apparent density of 0.050 
g/cm^ (the average expansion ratio was 20) and an average gel proportion of 50.8% was used as the 
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crossitrked pciyciefir ^esm fca^^. 
Example 20 

5 A molded laminated a.^xle was prepared by carrytrg cut ccmpressicn mcicmg ■^rde^ me same 

ccncitiors as described m E;-ample 15 e-cept that the amcjnt of the low-mclecj.ar-weigrt cclyprcpy lene 
mixed was char^ged to 30 parts. 

E>anple 2 1 

^ 'J 

A molded laminated a.^icle was prepared by carrying cut compression molcing under tne same 
ccncitiors as described m Example 15 e-cept that the amount of the low-moiecjiar-weight polypropylene 
mixed was cnanged to 30 parts and a crosslinked polyclefm resm foam having an apparent density of 0.050 
g.cm^ (the average expansion ratio was 20) and an average gel proportion of 50. 8^*0 was used as the 
75 crossiirked polyolefin resin foam. 

With respect to each of the laminated molded articles obtained in Examples 15 to 21. the surface state 
of the molded article and the state of destruct-cn of cells of the foam were examined, and the results are 
shown in Table 4. 



. Table 4 



E>;ample No. 


Amount of Low-Molecular-Weight 
Polypropylene (parts) 


Average Expansion Ratio 


Average Gel Proportion (%)" 


5 


10 


20 


30 


15 


B 








14.9 


49.9 


16 




A 






14.9 


49.9 


17 




e 






20,0 


50,8 


18 






A 




14.9 


49.9 


19 






A 




20.0 


50.8 


20 








A 


14.9 


49.9 


21 








A 


20.0 


50.8 



35 

Exam ple 2 2 

A crosslinked polyolefin resm navmg an average expansion ^atic of 22.2, an average gel proportion o' 
48,9^o, an erdothermic pea< temoerature Tmr of 135 'C and a thiC'<:--ess of 3,0 mnn, :n wh:ch the appare^^t 
density cf the surface layer oortion on on^ <^<c^ was 0 052 g cm.' (the expansion ratio was 19. 2i a^d the 
apparent density of the surface layer portion cn the other s.oe was 0.041 gem- (the expansion rate was 
24.4), was obtained in the same manner as desorioed m Example 15 exceot that the concentration of the 
foaming agent was changed. The average ce>\ ciameter of a portion having a thickness of 1 mm from the 
surface on the smaH expansion ratio side was 170 J.m. A plasticized polyvinyl chloride sheet having a 

45 thickness of 0.4 n^m was bonded to the large expansion ratio side of the crosslinked polyolefin resin foam 
by using a polyester type adhesive to obtain a square composite having a side of 20 cm. 

A resin composition for the base layer as the skeleton material was prepared by homogeneously -T^ixing 
100 pa-ts o^ a propylene copolymer having 10°o of ethy-ene oopolymerized therewith ana having a melt 
index of 4 g 10 mm at 190*0 with 20 pars of ta c, 10 parts cf low-molecular-weignt polypropylene having a 

50 molecular weight o^ 9,000 and 0.1 part of a phenol tvpe stabilizer iantioxidant). Then, about 30 g cf the 
resin composition was melt-extruded from an extruder at an extruded resin temperature t)f 180 to 183 'C. 
the extrudate was placed on a lower female moid half cf a molding machine, and the above-mentioned 
foam composite was set between an upper male mold half and the lower female mold haif while maintaining 
the mole temperature at 60 *C. Compression molding was earned out under a pressure of 30 kg. cm- by a 

.55 hydraulic press to obtain a molded laminated article. 
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E <annple 2 3 

A moldea laminated article was prepared oy carrying ott compressior^ Tolding under the same 

conditions as described in Example 22 except that a polyprcpylere res:r having a melt [nde< of 10 g/10 
5 min at 190 'C was used as the polypropylene resin. 

Exa mple 24 

A molded laminated article was prepared by carrying out compression molding under the same 
w conditions as described in E)<ample 22 except that a polypropylene resin having a meit inde< of 20 g/10 
m,in at 190*C was used as the polypropylene resin. 

Example 25 

;5 A molded laminated article was prepared by carrying out compression molding under the same 

conditions as described in Example 22 except that a polypropylene resin having a melt inde< of 35 g/10 
min at 190* C was used as the polypropylene resin. 

Example 26 

20 

A molded laminated article was prepared by carrying out compression molding uncer the same 
conditions as described in Example 22 except that a polypropylene resin having a melt index of 45 g/10 " 
mm at 190 " C was used as the polypropylene resin. 

With respect to each of the molded laminated articies obtained in Examples 22 to 25, the surface state 
25 of the molded article and the state of destruction of cells of the foarr^ of the molded amcle were examined, 
and the results are shown in Table 5. 
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Meit lnde> of Poiypropylene Resin at 190 'C (g/IO min) 
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E-amples 27 and 28 

45 A foaming composition prepared by mixing 100 parts of a mixture comprising 80% of a prooylene 

C(j00lymer having 4% of ethy ene copolymerized therewith and 20% of linear oolyerhylene having a melt 
rdex: (Ml) of 7.0 and a density of 0.930 g/cm- with 6 parts (Example 27) or 15 parrs (Example 28) of 
azodicarbonamide as the foaming agent, 3 parts of divinylbenzene as the crosslinking promoter and 0.3 part 
or a phenoi/phosphorus type stabilizer was melt-extruded into a sheet having a th^ckness of 1.55 mm by an 

50 extruder according to the T-die method. The sheet was irradiated with ionizing radiation so that the ratio of 
the irradiation energy on one surface to the irradiation energy on the other surface was 1.3 and the average 
gel proportion was 50%. then, rapid foaming was effected in a salt bath maintained at 230 "C to obtain a 
foam. The average cell diameter of the surface layer portion on o ne side of the obtained foam was 60 um, 
and the average cell diameter of the surface layer p ortion on the other side was 180 um. T he exp ansi on 

55 ratio, of the surface layer portion on one side was 13.5^nd the expansion ratio of the surface layer portion 
on the other side was 14.5. The endothermic peak temperature TmF of the foam was 135*C, and the 
thickness was 3.0 mm. A plasticized polyvinyl chloride resin sheet as the skin material was bonded to the 
large expansion ratio side of the foam by using a polyester type achesive to obtain a comoosite. A molten 
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pclyprcpylene res n as the SKeletcr materia: A'as placed at a resm temperature of 175'C cn tre ccpcs te 
surface (the fine average ceil size side) of the composite and moidipg was carried cut under a pressL^.^e cf 
60 kg/cm^. 

The charaoter:st;c£ cf the cctamed molded articles are shown in Table 6. 
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Claims 

1. A process for the preparation of a molded laminated article, which comorises; 

oiacing (a) a composite comprising a crosslmked polydef n resin foam ha^.ing an average gel 
proportion of 10 to 75% and an average expansion ratio of 5 to 40. in which the average expansion 
ratio in a portion having a thickness of 0.5 mm on the side of one surface of the foam is larger than the 
average expansion ratio in a oortion having a thickness of 0 5 mm on the side of the other surface 
thereof arc the difference between said average exoansior. ^atics iS frcm 2 to 20, anc a skir -rate-^ia! 
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bonded to the surface having the larger average expansion ratio, and (b) a melt of a thermoplastic resin 
as a skeleton onatenal. in a predetermined position intermediate between a pair of upper and lower 
mold halves so "hat the skin materia! side of the composite confronts or is in contact wth the molding 
surface of one o^ the mold halves and the melt of the thermoplastic resin confronts or is in contact with 
5 the molding surface of the other of the mold halves; and 

clamping the mold nalves to effect compression molding. 

2. A process according to claim 1, wherein the average gel proportion cf the crosslmked potvoletin resin 
foam is at least 35 

w 

3. A process according to claim 1 or 2, wherein at least one surface of the crosslinked polyoleiin resin 
foam is a ce!!-e>posed surface and compression molding is carried out so that the thermoDlas^ic resin 
as the skeleton material is brought into contact with the cell-exposed surface. 

15 4. A process according to claim 3, wherein a portion having a thickness of 0.5 mm from the c:ell-o> posed 
surface has a gel proportion of at least 35%. 

5. A process according to any preceding claim, wherein a surface layer portion having a thickness of 1 
mm from the surface of the crosslinked polyo.efin resin foam on the side, with which the skeleton 

20 material is in contact, has an average cell diameter not larger than 200 um. 

6. A process according to any preceding claim, wherein the thermoplastic resin as the skeleton material is 
a jDolyolefin resm having a melt index of at least 1,0 g/10 min as measured at 190 °C. 

25 7. A process according to claim 6, wherein the thermoplastic resin as the skeleton material has an 
endothermic peak temperature of from (TmF - 60 'C) to (TmF + 60 'C), in which TmF stands for an 
endothermic peak temperature of the crossl'nked polyolefin resin foam as determined by a oi^i^erentiai 
scanning calorimeter (DSC), 

30 8. A process according to any one of ciaims 1 'o 5, wrerein the thermoplastic resin as the sS-eieton 
materia! is a mixture comprising 100 parts by we'ght of a polyolefm resin having a melt inde>; of 1 to 60 
g/10 min as measured at 1 90 * C and 2 ^c 40 parrs by wetgnt of a low-moiecular-wei ^ni polyolerin resin 
having an average molecular weight of 2,000 to 20,000. 

35 9. A process accorijing to any preceding ciairr^ wherein the moidea laminated article is an rtenor -^rc Ided 
article for a vehi : le. 

Patentansprtiche 

1. Verfahren zur Herstellung eines geformten, amir^ierter Gegenstandes, das umfaf^t; 

Einbnngen (a) e'oes Verbundstoffec, cor einer vernetzten Polyolefinharzschaun^. mit e nerri mittle- 
ren Gelanteil von 10 bis 75 % und einem mitrleren Auscehnungsverhaltnis von 5 t:is 40, m welchem 
das mittlere Ausdehnungsverhaltnis in einem Teii mit einer Dicke von 0,5 mm an der Seite einer 
Oberfiache des Schaums grdf3er ist ais das mittlere Ausdehnungsverhaltnis in einem Teil mit einer 
45 Dicke von 0,5 mm an der Seite seiner an(jerer Oberfiache und die Differenz zwischen den m.ittleren 

Ausdehnungsverhaltnissen 2 bis 20 betrag^ und em an oie Oberfiache angeklebtes Schalenmat-^rial mit 
dem grcBeren mittleren Ausdehnungsverhaltnis -jmfaBt, urd 

(b) einer Schmeize eines thermcplastischen Harzes ais Gerijstmaterial in eine vorbestimmte 
Steliung intermediar zwischen einem Paar cber-E-r unc un^erer Pref^formha'ften, so daB die Scha'enma- 
50 terialseite des Verbundstoffes der Fcrmteiloberflache einer PreOformhalfte gegenuberliegt oder in 

Kontakt mit ihr ist und die Schmeize des thermcplastischen Harzes der Formteiloberflache de^ anderen 
PreHformhalfte gegenuber'iegt cder in Kontakt mit ihr 'St; und 

Einspannen der PreBformhalften, um das Formpressen auszufuhren. 

55 2. Verfahren nach Anspruch 1, worm der mittlere Gelanteil des vernetzten Polyolefinharzschaums minde- 
stens 35 % betragt. 
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3. ^'er^ahren nacn Ansprjch 1 cler 2, /vc^:n --irdestens eine Cberfiacre :es vernetzter POiyolefinharz- 
scnaums e^ne emer Ze le ausgese'zte Oberfiache st und das rormprasser so durchgefiihrt wird, da8 
::as thermcpiastische Harz als Ge^'jsrnatenal in Kontakt rnit dec der Zetie ausgesetzten Oberfiache 
getracht wire, 

4. Verfahren nach Anspruch 3, worm em Ted nnit e^ner Dicke von 0 5 nm a^s der der Zelte ausgesetzten 
Obe^ache emer Ge arreil vcr nnir :jes'^ins 35 ^'o aufA^eist. 

5. Verfahren nach einem vcrangegargeren Anspruch, worin der Ooerflacnenschichtbereicn mit einer 
1Q Oicke von 1 nnm der Oberflac^-e ces vernetzten Pclyolefirharzscnaums ar der Seite, cie mit dem 

jorOstmatenai n Kontakt steht, emer ^ittieren Zellendurchmesser vor^ mcht nehr a,s 200 urn aufweist. 

6. Verfahren nach einem vcrangegargener Anspruch. worin das thermorplastische Harz ais GerCstmateri- 
al e:n P Dlyoletinharz mi: emem: Schme^zfluBindex von mindestens 1.0 g 10 min, bei 1 90 * C gemessen, 

;5 .St 

7. Verfahren nach Ansoruch 6, Aorin das thermoplastische Harz als Gerustmaterial one endotherme 
Hccnsttemperatur vcn (TmF - 50 * C) bis (TmF + 60 ' C) aufweist, wotei TmF eine mittels eines 
Dif erentiaiscanningKalonmeters iDSC) testimmte endotherme Hochsttemperatur des vernetzten Polyc- 

20 et'pnarzschaums bedectet. 

8. Vedahren nach einem der Anspruche 1 bis 5. wcrin das thermoplastische Harz ais Gerustmaterial em 
Gomisch ist, das 100 Gewicntsteile emes Polyolefirharzes mit einem SchmeizfluOindex von 1 bis 60 
gdO min, bei 190 'C bestimm:, ..nd 2 bis 40 Gewicntsteile eines niedermolekularen Polyolefinharzes 

25 -rit emem mittleren Molekutargewicht von 2000 bis 20000 umfaOt, 

9. /erfahre^ nach einem vGran(^egargenen Anspruch, worm cer geforrT^te lammierte Gegenstand ei^' 
^efc'rmtcr Innerraum ;:5eg-:-'nstaric emci Fanrzecgs 'St. 

30 Revendications 

1. ^^Dcede de preparation c'un a.d cie str.s'fie mcule. sel:n lequel cn cispcse : 

on ctspcse (a) un rra:enaj c:mc:'^itG comprenant une mousse de -"esme oolyo^efinique reticulee 
= vant une procortion mcyenr.:: :e ue 10 a 75 °o et un taux d'expansion n-:yen de 5 a 40, dort e 
J5 -auv d'expanscn moye-r^ Jan^ ore pa^t e ayant une epaisseur ce 0,5 nnm sur io cote a'une surface ce 

a mousse, est suoerieur au taux c'e>parsicn mcyen cans une partie ayant jre epaisseur de 0,5 mm 
5u^ le cote de son aut-e sudace, et a diffe^er^ce entre ces taux d'exoansio^ moyens est de 2 a 20, ot 
...re mat. ere *crr^ant ceau Nee a la Sjr*ace avani ie taux d'exoansion mcyen rf.-;iativement eleve, et (b) 
.me masse en fusion c';me ^e^; ne e-m.cplastsq^e or tant que n-atiere fcr-rant armature ians j^-^:^ 

vc^ r reoevormnf^iec- ^ iierr'^e.:iairf entre une paire de demi-mouies supeneur et irferieur. de tel-e- 
'avor que >c ccte oo'-responoant a la ^at e^e tormar^t oeau du matenau ccmpcsite suit en regard ou er 
:c--itact avec la surface :e mcuiage ce i'un des dem -mouses, et que la masse en fusion de la resme 
--■ermcciastiGue soit en regar:: :u en ::ntact avec la surface de moulage de I'autre des cemi-moules : 
et 

45 on sert les demi-n^oules pour et'eotuer un moulage par compression. 

2. ^^3cede se.cn la revend'cat on 1, can?, 'equei la proportion moyerne de gel de la mousse de resme 
::<: lyo^efinique reticulee. est d'au ^^c ns 35 °c 

50 3. ^'Dcede selon la revencica'i :r 1 co 2 oa-^.i: lequel au moms une surface de la mousse de resme 
oclyo:efinique ^eticulee, est une surface a alveoles e>posees. et on ef'ectue jn moulage oar comores- 
sion de telle fagor que la resme the^mcplastique construant :a rriatiere d'armature, soit mise en contact 
avec la surface a alveoles e>posees 



55 4. 



Precede seton -a revendication 3, dans 'equef une partie ayant une epaisseur de 0,5 mm a partir de la 
surface a alveoles exposees, a une proportion de gel d'au moins 35 %. 
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5. Procede selon I'une quelconque des revendications precedentes, dans lequel une partie formart 
couche superficielle ayant une epaisseur de 1 nnm a partir de la surface de la mousse de resine 
polyolefinique reticulee situee sur le c5te avec lequel la natiere fornnant armature est en contact, a un 
diametre alveolaire moyen non superieur a 200 um. 

5 

6. Procede selon Tune quelconque des revendications precedentes, dans lequel la resine thermoplastique 
constituant la matiere d'armature, est une resine polyolefinique ayant un ^ndice de fluidite a chaud d'au 
moins TO g/1 0 mn mesure a 190 * C, 

10 7. Procede selon la revendication 6, dans lequel la resine thermoplastique constituant la matiere formant 
armature, a une temperature de pic endothermique de {TmF : -60 " C) a (TmF : +60 ' C), TmF 
representant une temperature de pic endothermique de 'a mousse de resine polyolefinique reticulee, 
determinee a Taide d'un calorimetre a analyse differentielle (DSC). 

75 8. Procede selon i'une quelconque des revendications 1 a 5, dans lequel !a resine thermoplastique 
constituant !a matiere d'armature, est un melange comprenant 100 parties en poids d'une resine 
polyolefinique ayant un indice de fluidite a chaud de 1 a 60 g/mn mesure a 190 *C, et 2 a 40 parties 
en poids d'une resine polyolefinique de faible poids moleculaire ayant un poids moleculaire moyen de 
2 000 a 20 000. 

20 

9. Procede selon I'une quelconque des revendications precedentes, dans lequel I'article stratifie mcule, 
est un article d'interieur moule pour un vehicule. 
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Fig. 2 (a) Fig. 3 (a) 




Fig. 2(b) Fig 3(b) 




Fig. 2(c) Fig 3(c) 




